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157] ABSTRACT

An apparatus and method for sensing temperature in an
o1l or gas well use an AC-cut temperature crystal con-
nected to a Z-cut crystalline member contained in a
crystalline housing that can be subjected to high pres-
sures and temperatures.

12 Claims, 2 Drawing Sheets
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CRYSTALLINE TRANSDUCER WITH AC-CUT
TEMPERATURE CRYSTAL

BACKGROUND OF THE INVENTION

This invention relates generally to a crystalline reso-
nator package that includes an AC-cut crystal as a tem-
perature sensor. Such a temperature responsive AC-cut
crystal provides an improvement in a pressure and tem-
perature transducer of the type including a crystalline
housing subjected to pressure and temperature in an oil
or gas well. The present invention also relates to a
method of sensing temperature in an oil or gas well.

Dunng dnlling, completing and producing an oil or
gas well, temperature and pressure measurements are
typically taken from within the well to obtain informa-
tion about the ability of the well to produce oil or gas.
This can be done by lowering a quartz crystal pressure
and temperature transducer into the well and generat-
ing electrical signals in response to the frequencies at
which the quartz crystal members oscillate in response
to sensed pressure and temperature. Typically a quartz
crystal reference member is also provided for compen-
sating for changes in response due to pressure or tem-
perature. This reference member and the temperature
sensing member ¢an be housed together.

A pressure and temperature transducer currently
used by Halliburton Services to measure pressure and
temperature in an oil or gas well includes three active
elements. These are implemented by quartz resonators
mounted within a quartz housing made of two separate
crystalline packages held adjacent each other. One of
these packages contains the crystalline resonator that
senses pressure applied to the housing, and the other
package contains both a crystalline resonator that senses
temperature communicated through the housing and a
crystalline resonator that functions as a reference to
compensate for temperature effects on the pressure
sensing resonator. In a particular implementation, the
temperature resonator is a torsional mode tuning fork
(TTF) quartz crystal. See, for example, U.S. Pat. No.
4,802,370 to EerNisse et al.

Although this type of pressure and temperature trans-
ducer is suitable for many oil and gas wells, the use of a
TTF temperature crystal limits the temperature range
within which it can be used. A TTF crystal has diffi-
culty oscillating at temperatures above 175 degrees
centigrade (° C.). A TTF crystal can also have a tempo-
rary loss in activity within the low temperature range
from —10° C. to —15° C. due to condensation of gase-
ous lead tetrahydride that can form within the crystai-
line package when it is sealed. Special sealing tech-
niques can be used to prevent this, but they are time
consuming and expensive. Thus, there is the need for an
improved temperature transducer and temperature
sensing method providing an extended operating range
relative to the aforementioned transducer incorporating
a TTF temperature crystal.

SUMMARY OF THE INVENTION

The present invention overcomes the above-noted
and other shortcomings of the prior art by providing a
novel and improved temperature transducer and more
particularly a crystalline resonator package that in-
cludes an AC-cut crystal as a temperature sensor. Such
a temperature responsive AC-cut crystal improves a
pressure and temperature transducer of the type inciud-
ing a crystalline housing subjected to pressure and tem-
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perature in an oil or gas well. The present invention also
relates to a method of sensing temperature in an oil or
gas well. An advantage of the present invention is its
extended temperature operating range. Another advan-
tage of the present invention is its utility in high pres-
sure environments.

In a pressure and temperature transducer of the type
including a crystalline housing subjected to pressure
and temperature in an o1l or gas well, the present inven-
tion provides the improvement comprising a tempera-
ture resonator including an AC-cut crystal mounted in
the crystalline housing. _

In another aspect of the present invention, it provides
a dual crystalline resonator package, comprising: a Crys-
talline housing; a crystalline reference resonator
mounted in the crystalline housing; and a crystaliine
temperature resonator mounted in the crystalline hous-
ing, wherein the crystalline temperature resonator is an

AC-cut quartz crystal.

The present invention also provides a method of
sensing temperature in an oil or gas well, comprising:
lowering a crystalline housing into the well, the crystal-
line housing having an AC-cut crystal disposed therein;
exposing the crystalline housing to pressure and temper-
ature in the well; and responding to the temperature
with the AC-cut crystal.

Therefore, from the foregoing, it is a general object
of the present invention to provide a novel and im-
proved temperature sensing apparatus and method par-
ticularly for an oil or gas well. Other and further ob-
jects, features and advantages of the present invention .

will be readily apparent to those skilled in the art when
the following description of the preferred embodiments
is read In conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 a block diagram of a pressure and temperature
transducer wherein the improvement of the present
invention can be used.

FIG. 2 is a representation of a particular implementa-

tion of the transducer shown in FIG. 1, which represen-
tation is disclosed in U.S. Pat. No. 4,802,370 to EerNisse
et al. |

FIG. 3 is a longitudinal sectional view of a specific
embodiment of the FIG. 2 representation, which spe-
cific embodiment is also disclosed in U.S. Pat. No.
4,802,370.

FIG. 4 is a sectional view of another embodiment of
a temperature/reference package in which the present

invention can be used.
FIG. § is a sectional view of still another embodiment

of a temperature/reference package in which the pres-
ent invention can be used.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The invention disclosed and claimed herein involves
the replacement of a torsional mode tuning fork (TTF)
temperature crystal with an AC-cut temperature crystal
in an otherwise conventional crystalline transducer
package capable of withstanding high pressures of the
type found in oil or gas wells. Although an AC-cut
crystal has been used for sensing temperature, to our
knowledge it has only been used in sealed metal pack-
ages which have not been suitable for high pressure
application such as in oil or gas wells.
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More particularly, the present invention involves
mounting an AC-cut crystal to a Z-cut quartz plate in
the same manner as the SC-.cut reference crystal is
mounted in the temperature/reference package of a
pressure and temperature transducer used by Hallibur-
ton Services. Mounting is preferably such that the
stresses imposed by differing thermal expansion coeffi-
cients are mimimal. Two Z-cut plates, one with a
mounted SC-cut crystal and the other with an AC-cut
crystal are hermetically sealed at high temperature.
This all quartz package is then placed adjacent a con-
ventional pressure sensor in the transducer.

One advantage of replacing a TTF crystal with an
AC-cut crystal is that the AC crystal provides for an
increased operating range with respect to temperature.
Whereas a TTF temperature crystal can have difficulty
oscillating at temperatures exceeding 175° C., four AC-
cut crystals mounted in otherwise conventional crystal-
line temperature/reference packages have been success-
fully tested to 200° C. in a laboratory. No appreciable
loss 1n amplitude was observed. The upper limit of oper-
ation is not known at this time, but we have tested can-
mounted AC-cut temperature crystals to 250° C. in the
lab and we believe that this can be achieved with the
crystalline temperature/reference package. Further-
more, the AC-cut temperature crystal provides for op-
eration at temperatures lower than the TTF tempera-
ture crystal can accommodate. A significant percentage
of temperature/reference packages are sealed with min-
ute amounts of gaseous lead tetrahydride which can
cause a temporary loss in activity of the TTF crystal as
the gas condenses at —10° to —15° C. Special sealing
techniques can be employed to prevent this from hap-
pening, but they are time consuming and expensive.
Special sealing techniques are not needed with the AC-
cut crystal as used in the present invention. No activity
problems have been observed in the presence of the gas
with the AC-cut crystals.

Another advantage of the present invention is that
the AC-cut crystal can be used in high pressure environ-
ments such as are found in oil or gas wells. More partic-
ularly, the AC-cut crystdl functions properly when it
replaces the TTF temperature crystal in the crystalline
temperature/reference package used by Halliburton
Services.

Referring to FIGS. 1-§, examples of particular imple-
mentations incorporating the present invention will be

descnibed. FIGS. 1-3 are taken from U.S. Pat. No.
4,802,370 to EerNisse et al., and FIGS. 4 and 5 are taken
from copending U.S. patent application Ser. No.
07/999,441, filed Dec. 31, 1992 and entitled “Tem-
perature/Reference Package, and Method Using the
Same for High Pressure, High Temperature Oil or Gas
Well”, both of which are incorporated herein by refer-
ence.

FI1G. 1 discloses a transducer 2 capable of sensing
pressure and temperature and having utility within any
applicable system, such as with a downhole memory
recorder used for recording pressure and temperature
data in an oil or gas well.

The transducer 2 broadly includes an electronics
portion 4 having electrical components and circuits
which operate in response to a sensor portion 6, which
sensor portion 6 can be broadly referred to as an appara-
tus for providing one or more signals in response to one
or more detectable charactenistics. The electronics por-
tion 4 and the sensor portion 6 are mounted within a
support body of a suitable type as known to the art, such
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as shown in said U.S. Pat. No. 4,802,370 to EerNisse et
al.

The electronics portion 4 includes well-known fea-
tures of a transducer. Examples of these are oscillator
circuits, mixer circuits and processor circuits (such as a
microprocessor providing counting and computing
capabilities) . These types of circuits are known in the
art. The electronics portion 4 is not part of the present
invention as claimed and thus will not be further de-
scribed.

The sensor portion 6 of the preferred embodiment of
the present invention includes a crystalline housing in
which the following active elements are disposed: char-
acteristic sensing means for generating a signal having
an identifiable feature, such as frequency, correlated to
the detected characteristic, such as pressure, by a re-
sponse which is variable with temperature (in the pre-
ferred embodiment this is a pressure sensing means 8 for
sensing pressure); reference means 10 for generating a
signal, having an identifiable feature of the same type as
the signal of the characteristic sensing means, so that the
identifiable feature of the reference means signal has a
substantially constant value defining a reference value
against which, or relative to which, the identifiable

feature of the characteristic sensing means signal can be

compared, which substantially constant value is depen-
dent upon a response of the reference means variable
with temperature; and a temperature sensing means 12
for generating a signal in response to the temperature
where the characteristic sensing means' and the refer-
ence means are collocated. The pressure and tempera-
ture to be sensed in the preferred embodiment are those
existing within a chamber 14 defined 1n the support
body of the transducer.

It is an important feature of the sensor portion 6 of the
EerNisse et al. transducer that all of the pressure sensor
8, the reference device 10 and the temperature sensor 12
are collocated in the same chamber 14. The chamber 14
has a fluid medium in 1t for conducting to the pressure
sensor 8 the pressure to be detected. In the preferred
embodiment the fluid is a liquid, such as suitable oil of a
type as known to the art. This fluid medium is through-
out the chamber 14 so that the sensors 8 12 and the
reference device 10 are collocated within a common
fluid medium and thus the overall sensor portion 6 is
exposed to the pressure; however, it is noted that prefer-
ably the reference device 10 and the temperature sensor
12 are mounted in such a way that they are not signifi-
cantly sensitive to the pressure communicated by the
common fluid medium to the outer housing of the sen-
sor portion 6, but they are sensitive to temperature
transients created in or applied to the common fluid
medium. This fluid is held within a fixed volume of the
support body so that when the pressure within the vol-
ume changes, a concomitant temperature change oc-
curs. The temperature of the fluid is also affected by the
environmental temperature existing where the trans-
ducer 2 is located.

In the implementation depicted in FIG. 2, the sensor
portion 6 has two distinct packages. The pressure sensor
8 includes its own package 16 having an outer crystal-
line housing in which a pressure sensitive or responsive
element 18 i1s disposed. The reference device 10 and the
temperature sensor 12 are combined in a common tem-
perature/reference package 20 in which a reference
control or setting element 22 and a temperature sensi-
tive or responsive element 24 are disposed. The tem-
perature/reference package 20 has an outer crystalline
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housing connected adjacent the outer housing of the
pressure package 16 by a suitable connector means. One
suitable connector means is an end retaining cap 26
shown in phantom in FIG. 3.

The temperature/reference package 20 is shown in
the embodiment of FIG. 3 to particularly include two
crystalline end pieces 28, 30 and a crystalline center
piece 32 through which a hole 34 is defined and to
which the two end pieces 28, 30 are connected by any
suitable means known in the art, such as by glass sealing
layers forming bonds when heated sufficiently. When
completed, this housing of the package 20 has a cavity
defined by the hole 34, which cavity is gas-filled or

evacuated as appropriate and as known in the art. In the

preferred embodiment the outer housing of the package
20 1s made of crystalline quartz.

The reference element 22 of the temperature/refer-
ence package 20 includes a crystalline quartz resonator
36 (e.g., an SC-cut quartz crystal) connected to the end
piece 28. This connection is by any suitable means
known in the art, but preferably one reducing the com-
munication of pressure to the resonator 36 (e.g., a single
structural connection). When the package 20 1s fully
assembled, the resonator 36 is disposed in the interior
cavity defined by the hole 34.

Two electrodes are connected to the resonator 36.
These electrodes are coplanar layers, jointly identified

by the reference numeral 38 but electrically separate,
disposed between facing surfaces of the end piece 28
and the center piece 32. These electrodes allow the

resonator 36 to be connected into a reference oscillator
circuit within the transducer electronics section 4 in a
manner as known in the art. The resonator 36 is the
reference control element which controls or sets the
frequency of the reference oscillator circuit in a manner
known in the art. With the resonator 36 sealed in the
package 20 and mounted by a suitable connection, the

resonator 36 is substantially unaffected by the pressure
of the common fluid in which the invention is used;
therefore, the frequency of the oscillations provided
through the natural or inherent response of the resona-
tor 36 does not change in response to pressure. This
response, and thus the frequency, are, however, af-
fected by temperature; but through a preferred design
of the package 20 wherein it is thermally matched with
the package 16, this effect is compensated for, automati-
cally and in real time, because the effects of temperature
on the resonator and the pressure sensor package 16 and
the resonator 36 will occur at substantially the same
time.

The temperature responsive element 24 is connected
to the crystal end piece 30 so that, preferably, pressure
acting on the housing of the package 20 is not signifi-
cantly communicated to the element 24 (e.g., such as a
single structural connection to the end piece 30). In the
preferred embodiment of the present invention the tem-
perature responsive element 24 is an AC-cut crystalline
quartz resonator 40, which is itself a known type of
device and the end piece 30 is a Z-cut quartz plate as
referred to above, which is itself a known type of cut as
used in prior devices. When the temperature/reference
package 20 is assembled, the resonator 40 is disposed in
the cavity defined by the hole 34. Two electrodes dis-
posed between the facing surfaces of the crystal pieces
30, 32 extend from the resonator 40 as indicated in FIG.
3 by the reference numeral 42. These electrodes are
used to connect the resonator 40 to an oscillator of the
transducer electronics section 4 in a manner as known In
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the art. The inherent response of the resonator 40 cre-
ates oscillations at a frequency which is correlated to
the temperature conducted to the resonator 40 through
the crystalline body of the temperature/reference pack-
age 16. The package 20, however, 1s sealed and the
resonator 40 is mounted so that the resonator 40 is not
significantly affected by the pressure outside the hous-
ing 20.

In FIG. 4 another embodiment of a temperature/ref-
erence package is shown. In this embodiment, an AC-
cut crystal resonator 44 is mounted in a cavity of one

Z-cut crystalline end piece 46 of the package, and a

reference crystal 48 is mounted in a cavity of the other
crystalline end piece 50 of the package. The two end
pieces 46, 50 are connected directly together with only
electrodes 52, 54 mounted in between.

In the embodiment of FIG. §, an AC-cut temperature
crystal 56 is mounted to one side of a Z-cut crystalline
block 58 and a reference crystal §9 is mounted to the
other side of the block 58. The block 58 is connected in

between crystal end pieces 60, 62 of the type used in the
embodiment of FIG. 4. Electrodes 64, 66 extend from
the crystalline resonators 56, §9 along the respective
sides of the block §8.

Mounting of the crystal resonators in the embodi-

ments of FIGS. 4 and § is by suitable means as described

above for the the embodiment of FIGS. 1-3.

The foregoing devices are adapted for use in the
method of the present invention. By this method, at
least temperature can be sensed in an oil or gas well.

The method includes lowering a crystalline housing
into the well. This includes at least a crystalline package
having the AC-cut crystal disposed therein. With re-
gard to the embodiments of FIGS. 1-§, this would in-
clude any one of the temperature/reference packages
and the accompanying pressure sensor package.

In the well the crystalline housing is exposed to both
pressure and temperature. The crystalline members
defining the outer body of such housing can withstand
such pressure and temperature, but communicates them

inwardly. Due to the desired mountings known in the
art, only the pressure resonator 18 significantly re-

sponds to the pressure but all are affected by tempera-
ture. The temperature effect on the pressure resonator
18 is compensated by the reference resonator 22, and
the temperature effect on the AC-cut temperature reso-
nator 24 results in the temperature being thereby mea-
sured. Thus, the method of the present invention also
includes responding to the temperature with the AC-cut
crystal.

Thus, the present invention is well adapted to carry
out the objects and attain the ends and advantages men-
tioned above as well as those inherent therein. While
preferred embodiments of the invention have been de-
scribed for the purpose of this disclosure, changes in the
construction and arrangement of parts and the perfor-
mance of steps can be made by those skilled in the art,
which changes are encompassed within the spirit of this
invention as defined by the appended claims.

What is claimed 1is: |

1. In a pressure and temperature transducer of the
type including a crystalline housing subjected to pres-
sure and temperature in an oil or gas well, the improve-
ment comprising a temperature resonator including
means for sensing temperature in an oil or gas well
within a range of temperatures extending beyond a
range of temperatures sensible by a torsional mode tun-
ing fork crystal, wherein said means includes an AC-cut
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crystal mounted in said crystalline housing to a Z-cut
crystalline member thereof.

2. The transducer as defined in claim 1, wherein the
range of temperatures extending beyond includes the
range between about —10° C. and about —15° C.

3. The transducer as defined in claim 2, wherein the
range of temperatures extending beyond further in-
cludes the range from above about 175° C, to about 250°
C.

4. The transducer as defined in claim 1, wherein the
range of temperatures extending beyond includes the
range from above about 175° C. to about 250° C.

5. A dual crystalline resonator package for sensing
temperature in an oil or gas well, comprising:

a crystalline housing including a Z-cut quartz mem-

ber;

a crystalline reference resonator mounted in said

crystalline housing; and

a crystalline temperature resonator mounted in said

crystalline housing, wherein said crystalline tem-
perature resonator includes means for sensing tem-
perature in an o1l or gas well within a range of
temperatures extending beyond a range of tempera-
tures sensible by a torsional mode tuning fork crys-
tal, wherein said means includes an AC-cut quartz
crystal connected to said Z-cut quartz member.

6. A dual crystalline resonator package as defined in
claim 2, wherein the range of temperatures extending

beyond includes the range between about —10° C. and
about —15° C.
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7. A dual crystalline resonator package as defined in
claim 6, wherein the range of temperatures extending
beyond further includes the range from above about
175° C. to about 250° C.

8. A dual crystalline resonator package as defined in
claim 2, wherein the range of temperatures extending
beyond includes the range from above about 175° C. to
about 250° C.

9. A method of sensing temperature in an oil or gas
well, comprising:

lowering a crystalline housing into the well, the crys-

talline housing having an AC-cut crystal connected
therein to a Z-cut crystalline member of the hous-
mg;

exposing the crystalline housing to pressure and tem-

perature in the well; and

sensing the temperature in the oil or gas well with the

AC-cut crystal, wherein the temperature sensed is
within a range of temperatures extending beyond a
range of temperatures sensible by a torsional mode
tuning fork crystal.

10. A method as defined in claim 9, wherein the range
of temperatures extending beyond includes the range
between about 31 10° C. and about —15° C.

11. A method as defined in claim 10, wherein the
range of temperatures extending beyond further in-
cludes the range from above about 175° C. to about 250°
C.

12. A method as defined in claim 9, wherein the range
of temperatures extending beyond includes the range
from above about 175° C. to about 250° C.

* ¥ X % ¥
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